Thus, it is important to know the range of natural diversity of this species derived both from intraspecific and intrapopulation variability.
The aim of the study was to determine the variability within Baikal skullcap population originating from Mongolia, in terms of the content and composition of flavonoids in the roots.
MATERIAL AND METHODS

Plant material
15 individual 3-year-old plants were selected from Baikal skullcap population cultivated on experimental field of Department of Vegetable and Medicinal Plants, Warsaw University of Life Sciences -SGGW (Poland). Seeds of the population were collected from plants growing wild on natural site in Mongolia (N 49°16.400`, E 10°05.370`, 1580 m a.s.l), in 2009. Individual plants were cloned in order to obtain a sufficient amount of raw material. In 2013, at the end of May, 40 stem cuttings were taken from each single maternal plant and placed into the peat:substrate in the greenhouse. Well rooted cuttings were planted out in July (8 cuttings on a single plot), in the randomized block design (3 replications), in spacing 60 × 40 cm. Roots (8 plants within one replication) were collected in the second year of plant vegetation, in October. Collected roots were weighed, dried at 40°C and subjected to chemical analysis, which were performed in triplicate. The sample designed to single chemical analyze originated from one single plot. The presented results are mean values from three replications.
Voucher specimen was deposited at herbarium of Department of Vegetable and Medicinal Plants WULS -SGGW.
Spectrophotometric analysis
The total content of flavonoids was carried out by aluminium chloride colorimetric method according to Polish Pharmacopoeia 6 th [29] . 0.5 g of air-dry, powdered roots was extracted with 20 ml acetone, 2 ml 25% HCl, 1 ml 0.5% metenamine and kept boiling for 30 min. Obtained hydrolyzate was filtered through a cotton wool, then a residue was extracted two times with 20 ml acetone, kept boiling for 10 min each time. Obtained mixture was completed up to 100 ml with acetone. 20 ml of mixture was subsequently extracted in the separatory funnel with 20 ml of distilled water and 15 ml of ethyl acetate by shaking for 3 minutes. Separated water-acetone phases were extracted with mentioned method three more times with 10 ml of ethyl acetate only each time. Cumulated ethyl acetate extract was washed two times with 40 ml of water and completed up to 50 ml. 10 ml of basic solution was mixed with 2 ml of 2% AlCl 3 and then completed to 25 ml with methanol: acetic acid solution (19:1) . Comparison solution for each sample was prepared by completing 10 ml of basic solution to 25 ml with methanol: acetic acid solution. The absorbance was measured at 425 nm. The total flavonoid content was expressed as a quercetin equivalent (% of dry matter of raw material).
HPLC analysis
1g of homogenized, air-dry raw material was extracted with 100 ml of methanol in Büchi Extraction System B-811. Soxhlet hot extraction with twenty-five extraction cycles, flushing and drying was used. After evaporation of solvent, the residue was dissolved in 10 ml of methanol. The obtained extracts were filtered with Supelco Iso-Disc™ Syringe Tip Filter Unit, PTFE membrane, diameter 25 mm, pore size 0.20 μm and subjected to HPLC. The analyses were performed using a Shimadzu chromatograph equipped with auto sampler SIL-20, photodiode array detector SPD-M10A VP DAD and Class VP 7.3 chromatography software. C-18 reversed-phase column (Phenomenex Kinetex® 2.6 μm, C18, 100A, 100×4.60 mm i.d.) was used as stationary phase. Binary gradient of mobile phase A (deionised water adjusted to pH 3 with phosphoric acid) and B (ACN) was used. Separation conditions and validation and were carried out according to Kosakowska et al. [30] . The peak table and spectra library (190-450 nm) of individual compounds were created. Detection wavelength applied: 236 nm (scutellarin, scutellarein), 266 nm (chrysin 7-O-glucuronide), 270 nm (oroxylin A 7-O-glucuronide), 275 nm (baicalin, baicalein, wogonine, wogonoside), 285 nm (hesperetine 7-O-glucoside). The content of the determined compounds was calculated in mg × 100 g -1 dry matter (DM).
Statistical analysis
Data were subjected to statistical analysis using Statistica ® software. The mean values were compared by using the one way analysis of variance (ANOVA) followed by Tukey's range test. The differences between means were deemed to be significant at p<0.05. The coefficient of variation (CV) was determined, as well.
Ethical approval: The conducted research is not related to either human or animal use.
RESULTS AND DISCUSSION
Baikal skullcap, known as "Huang Quin", has been used for ages in Traditional Chinese Medicine and Japanese Kampo Medicine. Nowadays, dry roots as well as extracts and fractions isolated from this raw material are common elements of drugs and diet supplements used in natural medicine all over the world. As mentioned before, flavonoids are the most important group of compounds, determining multidirectional biological activities of this raw material. There is a lot of detailed information on chemical composition and pharmacological activities of Baikal skullcap's root. However, the data on the variability of this species is scarce and concern rather genetic than chemical diversity [2, 28, 31] . In the present study, variability within population of S. baicalensis was investigated, in respect of content and composition of flavonoids in roots. Examined clones differed as to the mass of roots, the total content of flavonoids and the content of identified flavonoid compounds in the raw material. The fresh mass of roots ranged from 66.88 to 137.50 g × plant -1 (CV=0.35). The dry mass of this raw material was at the level of 25.88 and 56.14 g × plant -1 (CV=0.23), respectively (tab. 1). In present work, total content of flavonoids varied from 0.17 to 0.52% DM (CV=0.24). Nine compounds were identified within this group, namely: baicalein, baicalin, wogonin, wogonoside, scutellarein, scutellarin, chrysin 7-Oglucuronide, hesperetine 7-O-glucoside and oroxylin A 7-O-glucuronide (tab. 2, fig. 1 ). Oroxylin A 7-O-glucuronide and baicalin were the dominants. Investigated clones differ in respect of their content: from 346.90 to 1063.00 mg × 100 g -1 and from 391.40 to 942.00 mg × 100 g -1 DM, respectively. Wogonoside and hesperetine 7-O-glucoside were also present in a considerable amounts, as following: from 324.00 to 641.10 mg × 100 g -1 and from 163.00 to 346.32 mg × 100 g -1 DM. The content of identified flavonoid aglycones (baicalein, wogonin, scutellarein) was clearly lower in comparison with their glycosides. The highest differences between clones concerned the content of oroxylin A 7-O-glucuronide (CV=0.27) and hesperetine 7-O-glucoside (CV=0.25). Clone 7 was distinguished by the highest content of all investigated compounds, except wogonin and oroxylin A 7-O-glucuronide (tab. 2). The presence of compounds identified in this study was determined previously by other authors [32] [33] [34] [35] [36] [37] [38] . The domination of baicalin followed by high amounts of wogonoside were shown earlier, as well [36, 37] . However, the results of the present work indicate on significantly lower content of baicalin in comparison to results obtained by other authors. Taking into account the pharmacopeial requirements, the content of this compound in Baikal skullcap root should not be less than 8.0 [39] Both baicalin, wogonoside and their aglycones (baicalein, wogonin) are characterized by a triple hydroxylation of the A ring. Due to such specific chemical structure they are considered to be the most active flavonoids in Baikal skullcap's root, revealing, i.a.: antitumor, antimicrobial, antioxidant, anti-inflammatory and anxiolytic activities [7-9, 12, 13, 15-17, 20, 23] . However, other flavonoids are also responsible for pharmacological activity of Scutellariae radix. Oroxylin A and its sugar derivatives, detected in a considerable amounts in the present work, show e.g. antibacterial, anti-inflammatory and anti-angiogenic properties [43, 44] . When regards hesperetine, authors indicate on its antiallergic, antidepressant and memory improving effect [45, 46] . In turn, scutellarin reveals antihypertensive and antivirus [47, 48] , while chrysin -antitumor, anxiolytic and anticonvulsant activities [49] [50] [51] [52] . Since all listed flavonoids reveal a strong pharmacological activities, they finally may be engaged in the adaptogenic effect of Scutellariae radix.
Obtained results show a high variability within investigated Baikal skullcap population in respect of flavonoid compounds detected in roots. Thus, the results may be used in future investigations concerning selection and breeding of Baikal skullcap, providing a high-quality raw material characterized by specific pharmacological activity.
CONCLUSIONS
A high intrapopulation variability concerning the content and composition of flavonoids in roots was found.
Oroxylin A 7-O-glucuronide was the dominant compound and differentiated examined clones at the highest degree. 
